Objective: To compare the diagnostic accuracy of Fetal Intelligent Navigation Echocardiography (FINE) method by Five-Dimensional Ultrasound in automated fetal heart examination to conventional fetal heart examination by Two-Dimensional ultrasound in second trimester pregnancy. Methods: 90 normal singleton pregnancies at the second trimester were enrolled in this prospective study. Fetal heart was examined by Two-Dimensional Ultrasound (2D US) and Five-Dimensional Ultrasound (FINE). Paired numerical data were compared using the paired samples t test. Inter-method agreement for the rating of the quality of cardiac views by 2D US or 5D US was assessed by calculation of the prevalence-adjusted and bias-adjusted kappa coefficient (PABAK). Results: There was no statistical significant difference between fetal heart echocardiography assessment using 2DUS or 5DUS(FINE) (p-value > 0.05). The overall inter-method agreement between 2D US and 5D US was 0.92. The difference in % of satisfactory views between 2D and 5D US was 1.73%, (95% CI -0.5% to 3.33%) (P-value = 0.144). Conclusion: Our findings indicate the accuracy of 5DUS (FINE) echocardiography in evaluation of normal heart in the second trimester of pregnancy.
Introduction
Congenital fetal heart disease is more prevalent compared to neural tube defects and fetal chromosomal aberration [1] [2] . 20% of neonatal passing from congenital malformations is attributed to cardiovascular anomalies [3] .
To make the matter more challenging, it is estimated that nearly 90% of congenital cardiac defects are present in low risk pregnancy [4] . The need for an accurate method to detect fetal cardiac anomalies in low and high risk pregnant women is obvious, still routine antenatal ultrasound examination has a sensitivity of almost 50% only fordetection of fetal cardiac anomalies [5] , in majority of cases, this is attributed to lack of sonographer experience to detect these cardiac defects [6] .
Two DUS offers several benefits as it is a real time imaging with no ionizing radiation exposure. The operator moves the transducer to find appropriate plane for measurement which is a disadvantage as it makes it an operator-dependent method [7] .
The Spatiotemporal Image Correlation (STIC) available with 4DUS was found to be useful in detection of fetal heart anomalies [8] .
With the development of 5DUS technology which is a form of automation that brings the results of 3D and 4DUS in an automated form to reduce the effect of Operator bias [4] .
Fetal Intelligent Navigation Echocardiography (FINE) was recently invented and used to create the 9 fetal echocardiography standard views for the hearts of normal fetuses in an automatic way by coupling the intelligent navigation to STIC findings [9] .
The aim of the current study is to evaluate and compare the findings pf conventional to 2DUS echocardiography in normal fetuses with no congenital heart diseases in second trimester with FINE results of the same fetuses and to calculate the percentage of agreement between the two techniques.
Methods

Study Population
This study included 90 singleton pregnancies at the second trimester of pregnancy attending the Fetal Care Unit, Ain Shams University Maternity Hospital, Cairo, Egypt from January 2016 to august 2016. Multiple pregnancies, fetuses with cardiac or other anomalies, and gestational age less than 20 weeks were all excluded from the study. The study protocol was approved by the hospital protocol and ethical committee. The participants were councelled and written informed consents were obtained from all participants. All the ultrasound measurements were done by a single highly experienced sonographer to avoid inter and intra operator variations. 
2D Ultrasound Fetal Heart Examination
5D Ultrasound Fetal Heart Examination
4D STIC volume data set of the fetal heart were obtained through an apical four chamber view using Samsung-UGEO-WS80A machine as described by Garcia M et al., 2016 [4] . The FINE technology was used first to evaluate the anatomical landmarks for the standard echocardiography 7 views ( Figure 1 ). After making the seven anatomical heart structures, the operator used the anatomical box and performed the necessary calculations to reconstruct the fetal heart in three dimensions and accordingly nine views were generated and displayed as shown in Figure 2 . 5DUSecho is satisfactory if the nine views appear after marking the 6anatomical sites of the fetal heart detected in the study. If the 5D US echosoft ware give the nine views with the marks away from their anatomical sites in the fetal heart so it is unsatisfactory.
Sample Size Calculation
The required sample size was calculated using G*Power software version 3.1.7 (Universitat Dusseldorf, Germany). The primary outcome was to measure the accuracy of 2D US versus 5D US for assessment of fetal heart. The difference in the accuracy in the estimation methods will be tested on the mean absolute (unsigned) error. A total sample size of 90 patients were chosen to achieve a power of 80% and to detect a statistically significant difference between the overall accuracy of both methods for a small to medium effect size (Cohen's dz) of 0.3 with a confidence level 95%. The effect size (dz) is calculated as follows: dz= mean difference/SD of the difference. This effect size has been chosen as it can be regarded as a clinically relevant difference in this exploratory study. 
Statistical Analysis
Results
One hundred patients were initially included in this study; ten patients were excluded (one had suspected cardiac anomaly, three with twin pregnancy, two cases were excluded due to failure of STIC accusation from excessive fetal movement, one case had marked oligohydramnios and three patients were reluctant to participate). The remaining 90 pregnant women had a mean age of 25 years (range 18 -36). Their mean gestational age was 24 weeks (range 20 -28). Fetal heart assessment using 2DUS showed satisfactory rating in 93.3% -100% in the nine views (Table 1) while 5DUS FINE showed satisfactory rating in 95.6% -100% in the nine views ( Table 2) . Inter-method agreement for the rating of the quality of cardiac views by 2DUS or 5DUS was assessed by calculation of the prevalence-adjusted and bias-adjusted kappa coefficient (PABAK). The overall inter-method agreement between 2DUS and 5DUS was 0.92, The difference in % of satisfactory views between 2D and 5D US was 1.73%, (95% CI -0.5% to 3.33%) ( Table 3) , and P-value is 0.144 (insignificant) ( Table 4) .
The mean examination time was significant higher in 2DUS compared to FINE (P < 0.0001) ( Table 5 ).
Discussion
The present study showed that conventional 2DUS was able to get satisfactory rating at nine structured fetal echocardiography views in 93.3% -100% of the study population, while 5DUD FINE method yielded a satisfactory rating for the nine chamber views in 95.6% -100% of the cases studied. The overall inter-method agreement between 2DUS and 5DUS FINE was 0.92. The difference in the percentage of satisfactory rating views between the two methods was 1.73% (95% CI, 0.5% -3.33%) with P value of 0.144 which is insignificant. Our results showed a strong agreement with other investigators as Garcia M et al. [4] , who found that FINE was successful to generate the nine planes in 98% -100% of cases and also Veronese P et al. [10] who found that FINE was successful to generate the nine planes in 96% -100% of cases.
The current study also showed that there was no statistical significant difference between the number of satisfactory views by both 2DUS (8.7 ± 0.8) compared to 5DUS FINE (8.9 ± 0.4), P = 0.152 which indicates a perfect agreement.
An advantage for the FINE over 2DUS Echocardiography was found in the current study as there was a significant reduction in examination time needed in the FINE method (204 ± 40 seconds) compared to (264 ± 67) seconds in the 2DUS method, P < 0.0001, which gives an advantage for FINE compared to conventional 2DUS method.
Points of strength in this study are; first it is one of very few studies done to evaluate FINE method used to study fetal heart echocardiography in second trimester normal pregnancy to validate its future usage on large scale, second, our study also compared FINE technology with the gold standard 2DUS echocardiography in this aspect.
The limitation of our study is that FINE method is not tested to evaluate its accuracy in cases of suspected or proved congenital fetal heart diseases which may be a topic of future research.
Conclusion
5DUS FINE method is comparable in accuracy to 2DUS echocardiography in
